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(57) ABSTRACT 
For Weld bonding polymeric components, a bond monitor 
ing device is utilized to sense emissivity from a bonding site 
to preferably determine the temperature of the material at the 
surface of the bonding site, in order to provide feedback 
information to a current generator that controls the thermal 
energy that is transferred to the bonding site. The bond 
monitoring device preferably comprises an infrared detector 
or pyrometer that determines the temperature at the surface 
of the bonding site by sensing the infrared radiation, Which 
information is used to control current generation. The cur 
rent generation device preferably comprises a radio-fre 
quency current generator, Which RF current is controllably 
used to create a magnetic ?eld Within a magnetic ?ux 
concentrator. When used With an mandrel of magnetically 
permeable material that is positioned close to the magnetic 
?ux concentrator, the mandrel can generate resistive heat 
based directly on the supply of RF current. The present 
invention is particularly applicable to Weld bonding of 
tubular type components, such as may be used to make up 
a medical catheter lumen, because a heatable mandrel can be 
inserted Within a plurality of components having at least 
adjacently positioned portions that are to be Weld bonded 
together. By carefully monitoring such a Weld bonding site 
and controlling the current generation and thus the heat 
created by the mandrel, an effective Weld bond can be 
consistently created even Where small polymeric compo 
nents are Weld bonded. 
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Fig. 2 
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APPARATUS AND METHOD FOR CLOSED-LOOP 
CONTROL OF RF GENERATOR FOR WELDING 

POLYMERIC CATHETER COMPONENTS 

TECHNICAL FIELD 

[0001] The present invention relates to the assembly of 
catheter components, Which guide catheters, angioplasty 
catheters, stent delivery systems and the like are employed 
in medical procedures, and more particularly to a Weld 
bonding method and apparatus that utiliZes RF frequency 
current generation for creating thermal energy. 

BACKGROUND OF THE INVENTION 

[0002] Many type of catheters have been developed for 
treating problems and diseases of the body including the 
vascular, urinary, respiratory, esophageal, gastrointestinal 
systems and the like, as such body systems include one or 
more body lumens by Which treatment can be facilitated. 
Such catheters advantageously provide treatment Within or 
beyond any body lumen by generally non-invasive tech 
niques by permitting manipulation of distal features of such 
catheters at their proximal ends. These features include 
balloons, such as are usable for percutaneous transluminal 
angioplasty (PTA) and percutaneous transluminal coronary 
angioplasty (PTCA), as Well as features for delivering 
medical devices, such as stents and the like. Sometimes, 
these therapeutic catheteriZation techniques involve the use 
of a guide Wire that is ?rst controllably inserted Within the 
body folloWed by sliding a catheter comprising tubing, in the 
form of one or more lumens, along the guide Wire to the 
appropriate treatment site. Other times, the catheter, Whether 
comprising tubing components or not, is inserted and 
directed to a treatment site Without a guide Wire. 

[0003] For example, a balloon catheter for intravascular 
treatment is typically delivered along a guide Wire. Atypical 
balloon catheter has an elongate shaft With an inner lumen 
and has a dilatation balloon attached proximate the distal 
end and a manifold attached proximate the proximal end. 
These catheters are designed for introduction into a body 
lumen over the guide Wire, Which guide Wire is slidably 
received Within the inner lumen of the catheter. In use, the 
balloon catheter is advanced over the guide Wire such that 
the dilatation balloon is positioned adjacent a restriction in 
a diseased vessel. Then, ?uid under pressure is supplied to 
the balloon through the catheter lumen, expanding the 
balloon and opening the occlusion in the vessel. Balloon 
catheter systems are described, for example, Within US. Pat. 
Nos. 5,797,878, 5,931,812 and 5,948,345. 

[0004] For stent delivery, systems have been developed 
utiliZing catheters as part of the stent delivery system. In 
some applications, balloon catheters may be used to deliver 
stents Where a stent can be delivered to a desired treatment 

site as a collapsed structure provided about a balloon. At the 
site, the balloon can be expanded to set the stent in place. 
One speci?c example of such a balloon expandable stent 
delivery system is described in US. Pat. No. 6,270,504. 
Other stents, such as self-expanding stents, may also be 
delivered by catheter systems. In such a system, a catheter 
may be used to deliver a self-expanding stent to a treatment 
site, Wherein the stent may be constrained by an outer 
sheath. Once the stent is properly positioned by manipulat 
ing the catheter, the outer sheath can be pulled aWay, such as 

Dec. 11, 2003 

by pulling a Wire connected to the outer sheath, thereby 
alloWing the self-expanding stent to expand and set in place. 
Examples of self expanding stent delivery systems are 
described in US. Pat. Nos. 6,254,609, 6,254,611 and 6,258, 
099. 

[0005] In order to be properly introduced, delivered and 
controlled, catheters of all types are designed to accommo 
date needs for effective insertion Within a body lumen and 
control of the catheter distal end by manipulation of the 
catheter proximal end. HoWever, given the relatively small 
siZe of such medical products and their components, and the 
signi?cant length that such catheters are to be inserted 
Within a body lumen, it is increasingly dif?cult to incorpo 
rate more functional features and greater controllability to 
catheter constructions. 

[0006] Moreover, the assembly of such small components 
of same or different materials requires difficult bonding 
techniques that are limited in applicability, not only by their 
material compatibility limitations, but also by the need to 
reliably bond components in an effective and medically 
sanitary Way. As such, techniques to provide adhesive and 
Weld bonds betWeen catheter sections or portions or other 
catheter features, Whether of similar or different materials, 
have been developed. Importantly, hoWever, because of the 
eventual use of catheters Well Within body lumens, all such 
bonds or connections are desirably consistent and complete 
to ensure reliable usage With minimal body intrusion. In 
addition, for features such as balloons that require ?uid tight 
sealing for operability, such ?uid tight bonding should be of 
suf?cient strength to Withstand the ?uid pressures involved 
in balloon dilatation Without sacri?cing insertability or con 
trollability of the catheter. 

SUMMARY OF THE PRESENT INVENTION 

[0007] The present invention overcomes the disadvan 
tages and shortcomings of the prior art by providing meth 
ods and apparatuses for Weld bonding polymeric compo 
nents that utiliZe a bond monitoring device to sense 
emissivity from a bonding site to preferably determine the 
temperature of the material at the surface of the bonding site, 
in order to provide feedback information to a current gen 
erator that controls the thermal energy that is transferred to 
the bonding site. 

[0008] In accordance With the present invention, the bond 
monitoring device preferably comprises an infrared detector 
or pyrometer that determines the temperature at the surface 
of the bonding site by sensing the infrared radiation, Which 
information is used to control current generation. An infra 
red detector is advantageously preferred because infrared 
radiation is typically emitted in every direction from a hot 
surface, such as from surfaces of a Weld bonding site 
comprising polymeric materials that are being Weld bonded. 
Also, infrared detectors are capable of accurately reading 
such emissions even Where very little infrared radiation is 
emitted as a result of the relatively loW temperatures used for 
Weld bonding polymeric materials and Where relatively 
small areas are heated. Moreover, infrared detectors do not 
suffer adverse affects by RF ?elds. 

[0009] Also, the current generation device preferably 
comprises a radio-frequency current generator, Which RF 
current is controllably used to create a magnetic ?eld Within 
a magnetic ?ux concentrator. When used With a mandrel of 
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magnetically susceptible material that is positioned close to 
the magnetic ?uX concentrator, the mandrel can generate 
resistive heat based directly on the supply of RF current. The 
present invention is particularly applicable to Weld bonding 
of tubular type components, such as may be used to make up 
a medical catheter lumen, because a heatable mandrel can be 
inserted Within a plurality of components having at least 
adjacently positioned portions that are to be Weld bonded 
together. By carefully monitoring such a Weld bonding site 
and controlling the current generation and thus the heat 
created by the mandrel, an effective Weld bond can be 
consistently created even Where small polymeric compo 
nents are Weld bonded. 

[0010] In one aspect of the present invention, a Weld 
bonding system is provided for creating a Weld bond 
betWeen a ?rst component of polymeric material and one or 
more others components, Wherein the system includes a ?rst 
guide device for supporting the ?rst component in position 
for creating a Weld bond; a second guide device for sup 
porting a second component in position; a current generator 
for controllably creating an alternating electrical current 
through an electrical conductive cable; a magnetic ?uX 
concentrator of magnetically permeable material positioned 
With respect to the electrical conductive cable so that revers 
ing magnetic ?uX can be created passing Within the magnetic 
?uX concentrator by the alternating electrical current 
through the electrical conductive cable; and a bond moni 
toring device for detecting a condition of a polymeric 
component. According to such a system, the ?rst and second 
guide devices provide for a bonding site so that ?rst and 
second components, as supported by the ?rst and second 
guide devices, can be supported to be Weld bonded together 
When positioned Within the bonding site. Moreover, the bond 
monitoring device is provided for creating a signal based 
upon the detected condition of the polymeric component 
Within the bonding site, and it is connected With the current 
generation means so that the signal can be transmitted to and 
received by the current generation means for controllable 
current generation. 

[0011] Preferably, a mandrel, Wire or the like is used for 
insertion Within a tubular ?rst component of polymeric 
material so that When a ?rst component is supported by the 
?rst guide device, the mandrel can also be at least partially 
supported thereby With a mandrel portion extending Within 
the bonding site. Such a mandrel provides for Wall support 
and stability of any tubular component or lumen portion 
during the Weld bonding process. Thus, the magnetic ?uX 
concentrator may be operatively positioned With respect to 
the bonding site so that When the mandrel is inserted Within 
a ?rst tubular component, a mandrel portion that is posi 
tioned With the bonding site Will be affected by reversing 
magnetic ?uX When generated With the magnetic ?uX con 
centrator to produce surface heating of the mandrel to be 
transferred to an inside surface of a tubular ?rst polymeric 
component for at least softening its polymeric material for 
Weld bonding With a second component. 

[0012] More preferably, the current generator comprises 
an RF current generation circuit and a feedback circuit by 
Which the signal from the bond monitoring device is utiliZed 
for controllable current generation. The bond monitoring 
device preferably comprises an emissivity detector for sens 
ing a measurable emission from a polymeric material of a 
component Within the bonding site as an indication of 
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temperature of such polymeric material Within the bonding 
site. More preferably, the emissivity detector comprises an 
infrared detector. 

[0013] The ?rst and second guide devices advantageously 
may comprise ?rst and second guide inserts that are remov 
ably supported by a ?rst and second guide mount, respec 
tively, so that a plurality of ?rst and second guide inserts 
With differently siZed insert passages can be provided to 
accommodate different tubular components to be Weld 
bonded. 

[0014] In accordance With another aspect of the present 
invention, a method of Weld bonding a ?rst tubular poly 
meric component With a second component includes the 
steps of supporting the ?rst tubular polymeric component 
and the second component in position relative to one another 
so that at least a portion of each of the ?rst and second 
components are adjacent one another, thereby creating a 
bonding site for Weld bonding the ?rst and second compo 
nents together; inserting a mandrel at least partially Within 
the ?rst tubular polymeric component; controllably creating 
thermal energy at a surface of the mandrel and thereby 
transferring heat to at least an internal surface of the ?rst 
tubular polymeric component; monitoring the bonding site 
by a bond monitoring device to determine a condition of the 
polymeric material of the ?rst component; and sending a 
signal from the bond monitoring device as feedback infor 
mation to be used in controllably creating the thermal energy 
at the mandrel surface. 

[0015] Preferably, such a Weld bonding method further 
comprises the step of controllably adjusting the creation of 
thermal energy at the mandrel surface based upon the 
feedback information. The mandrel may be inserted Within 
the ?rst tubular component before or after the ?rst compo 
nent is supported in position relative to the second compo 
nent for creating the bonding site. Moreover, the thermal 
energy may be controllably created by generating alternating 
electrical current and conducting the alternating current by 
a conductive cable to a magnetic ?uX concentrator and thus 
creating reversing magnetic ?uX Within the magnetic ?uX 
concentrator based upon the alternating current that is gen 
erated, and by supporting the ?rst and second components to 
create the bonding site at a location such that the mandrel, 
as inserted Within at least the ?rst tubular polymeric com 
ponent, generates thermal energy in response to its eXposure 
to the reversing magnetic ?uX. 

[0016] Preferably, the electrical current generated com 
prises RF current and the bond monitoring device provides 
its feedback signal to an RF current generator for determin 
ing the strength of the RF current to be generated based upon 
the sensed condition of the polymeric material of the ?rst 
component. The mandrel may also be inserted Within at least 
a portion of a tubular polymeric second component so that 
thermal energy can be thermally created Within the mandrel 
to provide heat transfer to internal surfaces of both of the 
?rst and second tubular polymeric components for creating 
a Weld bond. Thermal energy may thus be created so that 
suf?cient heat is transferred to the ?rst and second tubular 
polymeric components for melting at least portions of the 
?rst and second tubular polymeric components for at least 
partial miXing of the respective polymeric materials thereof 
and creation of a Weld bond. In accordance With this aspect 
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of the present invention, the ?rst and second tubular poly 
meric components may comprise similar or dissimilar poly 
meric materials. 

[0017] The bond monitoring device may comprise an 
emissivity sensor for sensing an emission from the poly 
meric material Within the bonding site as the polymeric 
material is heated so that it can send a signal to the RF 
current generator based upon the sensed emission as an 
indication of temperature of the polymeric material. Prefer 
ably, such an emissivity sensor comprises an infrared sensor 
for sensing infrared emissions from the bonding site. 

[0018] In accordance With yet another aspect of the 
present invention, a magnetic ?uX concentrator of magneti 
cally permeable material for controllably guiding magnetic 
?uX and for use With a current generator having an electrical 
conductive cable to be positioned relative to the magnetic 
?uX concentrator for creating magnetic ?uX comprises a ?rst 
end portion and a second end portion that are arranged With 
respect to one another to de?ne a gap betWeen respective end 
surfaces thereof With a passage through the ?rst end portion 
so that a portion of a component to be Weld bonded can be 
inserted; and a continuous magnetically permeable structure 
joining the ?rst and second end portions of the magnetic ?uX 
concentrator together that de?nes an internal opening With at 
least a portion of the magnetically permeable structure to be 
Wrapped by at least one coil of an electrical conductive cable 
so that electrical current provided through the coil Will cause 
magnetic ?uX ?oW Within the magnetically permeable struc 
ture. 

[0019] Preferably, the second end portion also comprises 
a passage through Which a portion of a component to be 
Weld bonded can also be inserted. As a preferred design, the 
magnetically permeable structure comprises ?rst and second 
leg portions spaced from one another to terminate in the ?rst 
and second end portions, respectively, the ?rst leg portion 
preferably being at least partially rounded to accommodate 
a plurality of coils of an electrical conductive cable to be 
Wrapped about it. 

[0020] In accordance With yet another aspect of the 
present invention, a Welding mandrel is provided for induc 
tion heating based upon eXposure thereof Within a reversing 
magnetic ?uX path, Wherein the mandrel comprising 17-4PH 
stainless steel. Such a mandrel can be provided as part of a 
system utiliZing such a mandrel for creating a Weld bond 
betWeen a ?rst component of polymeric material and at least 
a second component, Wherein the system includes a ?rst 
guide device and a second guide device for supporting the 
components in position and to create a bonding site; a 
current generator for controllably creating an alternating 
electrical current to an electrical conductive cable; and a 
magnetic ?uX concentrator of magnetically permeable mate 
rial that is operatively positioned With respect to the elec 
trical conductive cable so that reversing magnetic ?uX can 
be created passing Within the magnetic ?uX concentrator by 
the alternating electrical current through the electrical con 
ductive cable. The Welding mandrel Would thus be provided 
for induction heating based upon eXposure thereof Within a 
reversing magnetic ?uX path. Such a mandrel could be used 
Within a method for Weld bonding a ?rst tubular polymeric 
component With a second component including the steps of 
supporting ?rst and second components in position relative 
to one another for creating a bonding site; inserting a 

Dec. 11, 2003 

mandrel comprised of 17-4PH stainless steel at least par 
tially Within the ?rst tubular polymeric component; and 
controllably creating thermal energy at a surface of the 
mandrel and thereby transferring heat to at least an internal 
surface of the ?rst tubular polymeric component. 

[0021] These and other features and advantages of the 
present invention Will be apparent in the folloWing detailed 
description of the preferred embodiments When read in 
conjunction With the accompanying draWings, in Which like 
reference numerals are used to identify the same or similar 
parts in the several vieWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several aspects of the invention and together With the 
description of the preferred embodiments, serve to eXplain 
the principles of the invention. A brief description of the 
draWings is as folloWs: 

[0023] FIG. 1 is a perspective vieW of an embodiment of 
an RF Welding system in accordance With the present 
invention shoWn supported and including monitoring and 
guiding devices for assembling catheter tube components; 

[0024] FIG. 2 is an exploded vieW in perspective of a 
Welder assembly of the system of FIG. 1 including an RF 
current generator combined With guide and supporting 
devices for catheter components; 

[0025] FIG. 3 is a perspective vieW of a ?rst guide device 
of the Welder assembly of FIG. 2 including a removable ?rst 
guide insert; 

[0026] FIG. 4 is a perspective vieW of an infrared detec 
tion device as an eXample of a temperature monitoring 
device and its support for monitoring the temperature of a 
bonding site of catheter components When positioned Within 
the Welding assembly of FIG. 2; 

[0027] FIG. 5 is a perspective vieW of a clamp subassem 
bly to be positioned Within the Welding assembly of FIG. 2 
for holding a catheter tube component in position for bond 
ing; 

[0028] FIG. 6 is a perspective vieW of a second guide 
device of the Welder assembly of FIG. 2 including a 
removable second guide insert that is positioned Within a 
guide passage of a magnetic ?uX concentrator in accordance 
With the present invention; 

[0029] FIG. 7 is a different perspective vieW of the second 
guide device shoWn in FIG. 6 shoWing the second guide 
insert and its stop element exploded from the second guide 
device to illustrate the removal thereof; 

[0030] FIG. 8 is a perspective vieW of a ?rst embodiment 
of a magnetic ?uX concentrator in accordance With the 
present invention as it is combined With an electrical cable 
that is coiled in position to create a magnetic ?uX ?oW path 
through the magnetic ?uX concentrator When electrical cur 
rent is provided through the electrical cable; 

[0031] FIG. 9 is a side vieW of the magnetic ?uX concen 
trator of FIG. 8 shoWing a gap de?ned by portions thereof 
Within Which a bonding site is provided in part; 



US 2003/0226631 A1 

[0032] FIG. 10 is a perspective vieW of a mold assembly 
for supporting the magnetic ?ux concentrator of FIGS. 8 
and 9 usable for creating the second guide device of FIG. 
6; 
[0033] FIG. 11 is a cross-sectional vieW of the ?rst and 
second guide devices as positioned relative to one another 
for creating a bonding site in accordance With the present 
invention for catheter tube components; 

[0034] FIG. 12 is a cross-sectional vieW of the ?rst and 
second guide devices as positioned in FIG. 11 and further 
illustrating plural catheter tube components positioned on a 
mandrel and partially Within a bonding site in accordance 
With the present invention; 

[0035] FIG. 13 is a perspective vieW of another embodi 
ment of a magnetic ?ux concentrator in accordance With the 
present invention; 

[0036] FIG. 14 is a cross-sectional vieW of an alternative 
arrangement in accordance With the present invention for 
catheter tube components as arranged on a mandrel for 
positioning Within a bonding site of the present invention; 

[0037] FIG. 15 is a cross-sectional vieW of yet another 
alternative arrangement in accordance With the present 
invention for catheter tube components as arranged on a 
mandrel for positioning Within a bonding site of the present 
invention; 

[0038] FIG. 16 is schematic block diagram of an RF 
current generation system including an RF generation circuit 
and a control feedback circuit combined With a system 
processor in accordance With an aspect of the present 
invention for providing RF current output to a magnetic ?ux 
concentrator based upon input sensed information obtained 
from a bond monitoring device; 

[0039] FIG. 17 is a How chart of a feedback control 
algorithm in accordance With the present invention; and 

[0040] FIG. 18 is a graphical representation of a preferred 
temperature control pro?le for utiliZing feedback control 
While ramping RF current generation to obtain a desired 
bond site temperature for a dWell period in accordance With 
one version of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] The embodiments of the present invention 
described beloW are not intended to be exhaustive or to limit 
the invention to the precise forms disclosed in the folloWing 
detailed description. Rather, the embodiments are chosen 
and described so that others skilled in the art may appreciate 
and understand the principles and practices of the present 
invention. 

[0042] The present invention is directed to methods and 
apparatuses for effectively bonding components of poly 
meric materials together, and in particular for bonding 
components of medical devices, such as catheters. Such 
methods and apparatuses in accordance With the present 
invention can advantageously be used even Where very 
small components are to be bonded. In particular, the present 
invention has been developed for the ability to bond tubular 
components of polymeric materials together as are usable 
for making up components of medical catheters of all types. 
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Such catheters, themselves, are knoWn for treating problems 
and diseases of the body in that they are made for introduc 
tion Within any number of body passages or lumens, such as 
are provided Within the vascular, urinary, respiratory, esoph 
ageal, gastrointestinal systems of the body and the like. 
Therapeutic catheteriZation techniques (Whether for treat 
ment of a site or diagnostic purposes) may involve the use 
of a guide Wire that is ?rst controllably inserted Within the 
body up to and beyond the treatment site Within such body 
lumen. Thus, in order to folloW such a guide Wire to a 
treatment site, catheter lumens have been developed that 
comprise one or more tubular components that can be slid 
along the guide Wire to the appropriate treatment site. As 
used throughout this application, a treatment site may com 
prise a site that is to receive treatment directly or indirectly 
from a catheter component or any site that is being diag 
nosed directly or indirectly by a catheter component. 

[0043] For example, a balloon catheter for intravascular 
treatment is typically delivered along a guide Wire. Balloon 
catheters are Well knoWn, such as are described in Us. Pat. 
No. 5,797,878, US. Pat. No. 5,931,812 and US. Pat. No. 
5,948,345, the entire disclosures of Which are incorporated 
herein by reference. A typical balloon catheter has an 
elongate shaft With an inner tubular lumen and has a 
dilatation balloon attached proximate the distal end and a 
manifold attached proximate the proximal end. These cath 
eters are designed for introduction into a body lumen over 
the guide Wire, Which guide Wire is slidably received Within 
the inner lumen of the catheter. In use, the balloon catheter 
is advanced over the guide Wire such that the dilatation 
balloon is positioned adjacent a treatment site, such as an 
occlusion or any obstruction, lesion, or stenosis of a body 
lumen. Then, ?uid under pressure is supplied to the balloon 
through the catheter lumen, expanding the balloon and thus 
applying a force to the Wall of the body lumen, such as for 
opening or otherWise treating or diagnosing it. 

[0044] Catheter systems have also been developed utiliZ 
ing catheters as part of a stent delivery system. Stents are 
Well knoWn as structural devices that are left Within a body 
lumen as part of a medical procedure conducted upon a 
treatment site. In some applications, balloon catheters may 
be used to deliver stents Where a stent can be delivered to a 
desired treatment site as a collapsed structure provided about 
a balloon. At the site, the balloon is expanded to set the stent 
in place. One speci?c example of such a balloon expandable 
stent delivery system is described in US. Pat. No. 6,270, 
504, the entire disclosure of Which is incorporated herein by 
reference. Self-expanding stents may also be delivered by 
catheter systems. In one such system, a catheter is used to 
deliver a self-expanding stent to a treatment site, Wherein the 
stent is constrained by an outer sheath. Once the stent has 
been properly positioned by manipulating the catheter, the 
outer sheath is then pulled aWay from the collapsed stent, 
such as by pulling a Wire connected to the outer sheath, so 
as to permit the self-expanding stent to expand and set in 
place. Examples of self expanding stent delivery systems are 
described in US. Pat. Nos. 6,254,609, 6,254,611 and 6,258, 
099, the entire disclosures of Which are incorporated herein 
by reference. 

[0045] In order to be properly introduced, delivered and 
controlled, catheters of all sorts of types are preferably 
designed to accommodate needs for pushability, trackability, 
crossability and torque transmission to the distal catheter 
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end as such is applied to the proximal end of the catheter. For 
purposes of this application, the following terms are given 
the following meaning. Pushability is the ability to transmit 
force from the proximal end of the catheter to the distal end 
of the catheter. A catheter shaft should have adequate 
strength for pushability and resistance to buckling or kink 
ing. Trackability is the ability to navigate tortuous vascula 
ture or other body lumens. That is, the distal portion of the 
catheter must track the guideWire through small tortuous 
vessels or body lumens to reach the area to be treated. A 
more ?exible distal portion is knoWn to improve trackability. 
Thus, it may be desirable to provide a catheter shaft With 
elastomeric properties to improve ?exibility. Crossability is 
the ability to navigate the balloon catheter across narroW 
restrictions or obstructions in the vasculature. 

[0046] OptimiZation of pushabillity, trackability, cross 
ability and torque transmission may be accomplished by 
carefully choosing the catheter material and its physical 
characteristics, such as Wall thickness. Because these cath 
eters are frequently inserted for long distances, it is generally 
also desirable to minimize the friction betWeen the guide 
Wire and the surface of the catheter lumen by constructing 
the catheter from a lubricous material such as a high-density 
polyethylene (HDPE), polytetra?uoroethylene (PTFE) or 
similar material. Polymeric materials are knoWn for these 
uses. 

[0047] In order to achieve a combination of desired prop 
erties at different parts of the catheters themselves, catheters 
have been developed by combining a plurality of tubing 
components together to de?ne a catheter lumen. That is, a 
portion of the overall length of a catheter lumen may 
comprise a different tubing type component than another. 
These one or more portions may comprise tubing compo 
nents of different physical characteristics and/or different 
materials. For example, a tip portion may be provided that 
is more resilient than the remainder of the catheter lumen for 
better crossability and to provide a softer leading end of the 
catheter for abutting body internal membranes and the like. 
Different materials include different polymeric materials 
from one another, for example, or similar polymers of 
different densities, ?llers, crosslinking or other characteris 
tics. In particular, a portion of a catheter lumen may com 
prise a material chosen for ?exibility to folloW a body 
lumen’s path While another portion may comprise a material 
chosen for axial and/or torque transmission. 

[0048] LikeWise, other catheter features, such as balloons, 
are frequently prepared from a variety of polymeric mate 
rials depending on their intended use. Generally, materials 
for balloons, for example, are required to possess elasto 
meric properties so that the dilatation balloon has the 
requisite compliance to achieve a predetermined relation 
ship betWeen balloon diameter and dilatation pressure. 
Moreover, such balloons must be able to resist bursting at 
the relatively high pressures commonly employed during 
these procedures. Because commonly used lubricous cath 
eter materials typically do not possess requisite elastomeric 
properties, the balloons are frequently prepared from a 
polymeric material that is different from, and is not readily 
bonded to, the material employed to fabricate the catheter. 
For, example, balloons are frequently formed from polyeth 
ylene terephthalate (PET) as Well as nylon. 

[0049] According to the present invention, a Weld bonding 
technique has been developed to provide Weld bonds 
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betWeen catheter sections or portions or other catheter 
features, Whether of similar or different materials that are 
compatible for Welding. As used throughout this application, 
Weld bonding means a bond that results by exposure to 
suf?cient thermal energy to melt at least a portion of the 
polymeric material of one component and a portion of the 
polymeric material of a second component so that the 
polymeric materials can mix suf?ciently to create a perma 
nent bond. Moreover, in accordance With the present inven 
tion, such bonds are created that are preferably consistent 
from part to part and that are complete to ensure the 
performance of reliable catheteriZation techniques With 
minimal body intrusion. Also, it is preferable that each bond 
not adversely create any surface feature or adversely change 
material properties. 

[0050] With reference to the accompanying Figs., and 
initially to FIGS. 1 and 2, a Weld bonding system 10 in 
accordance With the present invention is illustrated that is 
provided upon a conventional support table 12 for use by an 
operator for bonding polymeric components. In particular, 
the Weld bonding system 10 that is shoWn and Will be 
described beloW can advantageously be used for bonding 
plural tubular polymeric catheter components together. 

[0051] In a Weld bonding system 10 according to the 
present invention, a radio-frequency (“RF”) current genera 
tor 14 is utiliZed, Which Will be described in greater detail 
beloW, the purpose of Which is to controllably create the 
thermal energy that is needed to Weld polymeric components 
together. As illustrated in FIG. 13, a ?rst tubular catheter 
component 16 is positioned With respect to a second tubular 
catheter component 18 to be bonded together at facing ends 
thereof, thus creating a butt Weld. It is understood that the 
present invention may be utiliZed to create other Weld 
techniques, such as lap Welds and any other knoWn or 
developed Welding technique Whereby components are 
located With at least portions thereof adjacent one another. 
As illustrated, the ?rst and second catheter components 16 
and 18, respectively, are supported on a mandrel 20 that is 
slidably inserted Within internal passages that extend 
through the ?rst and second components 16 and 18, the 
mandrel 20 being inserted at least Within both of the ?rst and 
second components 16 and 18 some distance from a joint 22 
created by the facing ends thereof. 

[0052] The mandrel 20 comprises a material that as a 
result of exposure to magnetic ?ux generates induction 
heating at its surface, Which heat may, at a suf?cient level, 
be the thermal energy that is transferred to the ?rst and 
second catheter components 16 and 18 to create a Weld bond 
at the joint 22. In particular, the mandrel 20 may comprise 
any metal that is magnetically susceptible and that possesses 
some resistance to electrical current. Preferably, stainless 
steel is used for the mandrel 20, such as any 300 series 
stainless steel, including, in particular 304V stainless steel. 
Alternatively, 17-4PH stainless steel has been found to be a 
preferred stainless steel that is more effective in generating 
surface heat by induction heating and that is usable for a 
Weld bonding process in accordance With the present inven 
tion. The use of 17-4PH stainless steel in making the 
mandrel material has been discovered to be an improvement 
over other materials because it has been found to heat more 
ef?ciently With greater consistency for a longer life. In 
particular, the 17-4PH stainless steel has been found to 
generate more heat at loWer ?ux levels and to heat faster and 


























